Rationale: To date, the only treatment approved for acute ischemic strokes is thrombolysis. Whether intravenous thrombolysis may be safe in patients taking direct oral anticoagulants (DOACs) is currently a matter of debate.
Introduction
To date, the only treatment approved for acute ischemic stroke is thrombolysis. [1] Whether intravenous thrombolysis may be safe in patients taking direct oral anticoagulants (DOACs) is currently a matter of debate. Indeed, despite the proven efficacy of DOACs in stroke prevention, approximately 1% to 2% of people with nonvalvular atrial fibrillation (NVAF) taking DOACs will experience an acute ischemic stroke. [1] Although the anticoagulant effect of dabigatran may be reversed by idarucizumab, making recombinant tissue plasminogen activator (r-TPA) a possible option for acute stroke therapy, [2] thrombolysis is not recommended in patients taking rivaroxaban and the other factor ten activated (Xa) inhibitors, because of the hemorrhagic risk, unless enough time (24-48 hours) has passed to allow for renal clearance of the drug or specific laboratory tests have demonstrated the absence of any anticoagulant effect. [3, 4] 
Case report
Herein, we report a case in which a 74-year-old Caucasian woman was admitted to our stroke unit owing to the acute onset of left-sided hemiparesis and aphasia, with a medical history of hypertension and NVAF, who had been on rivaroxaban at 20 mg/ d for 1 year. Upon admission, the neurological examination showed expressive aphasia, left hemianopia and left-sided faciobrachio-crural hemiparesis (National Institutes of Health Stroke Scale, NIHSS = 14). [5] Her brain computed tomography (CT) scan was unremarkable and her platelet count (185,000; normal, 150,000-450,000) and activated partial thromboplastin time (28.3; normal, 20.0-29.6) were within the normal range; the international normalized ratio (INR) was 1.34 (normal, 0.90-1.30). Creatinine was 1.08 mg/mL (normal, 0.51-0.95) and the clearance was 52.84 mL/min. Her blood pressure was 150/80 mm Hg. An electrocardiography revealed atrial fibrillation. The onset of neurologic deficits occurred 5 hours after the last rivaroxaban dose. An acute ischemic stroke was diagnosed. Three hours and 20 minutes after symptom onset, a thrombolytic treatment with intravenous r-TPA was administered according to standard protocol and with patient's consent. Thrombolytic treatment was therefore administered 8 hours and 20 minutes after the last rivaroxaban intake. According to guidelines, [3, 4] at least 24 hours should elapse between rivaroxaban intake and thrombolysis, but given the patient's clinical condition and the balance between the expected clinical benefit of r-TPA and the hemorrhagic risk, which seemed favorable to us, we took the decision to treat the patient regardless. After a temporary improvement of muscle strength, the clinical picture suddenly worsened. Seven hours after thrombolysis, the patient had developed left-sided hemiplegia and became unresponsive (NIHSS = 17; Glasgow Coma Scale = 14). A control CT brain scan ( Fig. 1) , performed 8 hours after r-TPA administration, revealed a hemorrhagic transformation of the ischemic area in the right basal ganglia, fulfilling the criteria for an intraparenchymal hematoma type I, according to the European Cooperative Acute Stroke Study I classification [6] (30% of the infarcted area covered, with some mild spaceoccupying effect). Subsequently, the patient's clinical and radiological picture improved significantly. After 3 weeks, she was discharged to a rehabilitation facility, with an NIHSS score of 8 (Fig. 2) . (These data were published after informed consent was obtained from the patient).
Discussion
Hemorrhagic transformation is a complication of acute ischemic stroke, which may occur spontaneously or secondarily to thrombolytic therapy. The main risk factors associated with hemorrhagic transformation include cardiogenic embolism, stroke severity (large ischemic lesions, mass effect, early hypodensity), high blood glucose levels, advanced age, white matter disease burden, aspirin, warfarin, and the thrombolytic treatment itself. [7, 8] Despite an association with higher risk of 
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Medicine gastrointestinal bleeding, particularly in women, DOACs, seem to be safer than warfarin if intracranial bleeding is considered, [9] with a 50% relative risk reduction of hemorrhagic stroke and intracranial hemorrhage (ICH). [10] To date, limited data are available on the safety of intravenous r-TPA in stroke patients taking DOACs, especially factor Xa inhibitors, whose anticoagulant activity cannot be reversed. The question arises whether factor Xa inhibitors may increase the risk of hemorrhagic transformation in this context. Twelve cases have been reported, where thrombolytic treatment was performed without hemorrhagic complications in patients receiving rivaroxaban. [11] [12] [13] [14] [15] A recent study examined the outcomes of thrombolytic therapy in patients with ischemic stroke who received either DOACs (dabigatran 87, rivaroxaban 129, and apixaban 35), warfarin (INR <1.7), or did not receive an anticoagulant from 1289 hospital registers, between October 2012 and March 2015. There were no significant differences in the risk of life-threatening/serious systemic hemorrhages, any r-TPA complications, in-hospital mortality, or a modified Rankin Scale at discharge across the 3 groups. [16] Our patient was treated with intravenous thrombolytics, despite being on rivaroxaban, because the expected clinical benefit seemed to overcome the hemorrhagic risk related to the treatment. The patient developed a parenchymal hematoma after intravenous thrombolysis. Rivaroxaban may have favored such a hemorrhagic transformation. R-TPA was administered 8 hours and 20 minutes after the last rivaroxaban intake, when the anticoagulant effect of the DOAC was presumed to still be at high levels, on the basis of the drug half-life and, as suggested by the abnormal INR value. An observational study found that INR values of 1.0 predicted rivaroxaban concentrations< 32 and < 100 ng/mL with a 90-96% specificity. [17, 18] However, in the absence of specific laboratory tests, no conclusions could be drawn of a persistent anticoagulant effect of rivaroxaban in our patient. Moreover, the role of rivaroxaban in favoring the development of the hematoma in the case herein reported, could be debated, considering the high percentage of spontaneous hemorrhagic transformations occurring from ischemic strokes. [7, 8] It is noteworthy in addition that, despite the hemorrhagic transformation, the patient improved significantly, in the following days. This could be favored by the fact that the anticoagulant effect of DOACs does not persist over days unlike warfarin. Additionally, whether the same clinical improvement would have been possible without the thrombolytic therapy, is debatable.
Interestingly, a study conducted in Wistar rats, found that ICH volume was significantly lower in rats on rivaroxaban, compared with rats on warfarin, after an induced cerebral artery occlusion and reperfusion with r-TPA treatment. [19] The study also revealed an increased expression of protease-activated receptors (PAR)-1 and PAR-2 in the peri-ischemic lesions of the warfarin group, absent in the rivaroxaban group. [19] PAR-1 and PAR-2 are protease-activated receptors mediating the effects of thrombin, factor Xa, and TPA and are related to inflammation and neurodegeneration in stroke. If confirmed in studies on humans, a reduced activation of these receptors could help explain why rivaroxaban is associated with lower cerebral hemorrhagic complications compared with warfarin.
Conclusion
Although the current guidelines discourage the use of thrombolytics in patients like ours, with DOACs having been administered within the last 24(48) hours, and an uncertain anticoagulation status, [3, 4] the case reported herein and other real-world experiences, even though limited, suggest that DOAC medication could no longer be considered a barrier to r-TPA treatment to improve clinical outcome in selected acute stroke patients taking factor Xa inhibitors such as rivaroxaban. [16] Future studies are needed to further assess the safety and efficacy of intravenous r-TPA in acute ischemic stroke patients who take DOACs, particularly factor Xa inhibitors.
